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Aims: Hypoxic pulmonary vasoconstriction (HPV) is a physiological response to hypoxia, which 
optimizes ventilation-perfusion ratio (V/Q) by the redistribution of blood flow from poorly 
ventilated to better aerated lung areas. In HPV, increases in intracellular Ca
2+
 concentration in 
response to hypoxia trigger pulmonary artery smooth muscle cell (PASMC) contraction. 
Transient receptor potential canonical 6 (TRPC6) cation channels that have translocated to 
caveolae in the plasma membrane in response to hypoxia have been show to play a critical role 
in this Ca
2+
 response. Phosphatase and tensin homolog (PTEN) serves as scaffold for TRPC6 and 
as such, regulates its abundance at the plasma membrane in endothelial cells. Therefore we 
aimed to define the role of PTEN in HPV, with a specific focus on its role in the recruitment of 
TRPC6 to caveolae in PASMC. 
 
Methods and results:  
Experiments were performed in the isolated perfused mouse lung model (IPL). Smooth muscle 
specific PTEN deficiency attenuated pulmonary vasoconstriction in response to hypoxia but not 
to angiotensin II (Ang II). PTEN in human PASMC was knocked down by siRNA and PTEN 
deficient murine PASMC were isolated. In both cases the increase in intracellular Ca
2+
 
concentration in response to hypoxia was attenuated compared to control cells. PTEN-TRPC6 
interaction was assessed by co-immunoprecipitation and proximity ligation assay with both 
assays confirming an increased interaction of PTEN with TRPC6 under hypoxic condition. 
Caveolae were separated by sucrose gradient centrifugation, and PTEN and TRPC6 were found 
to translocate to caveolae in response to hypoxia. Rho-kinase (ROCK) inhibition prevented 
PTEN-TRPC6 interaction, their translocation to caveolae, and the intracellular Ca
2+
 increase in 
response to hypoxia in PASMC, and attenuated the HPV response in the IPL. 
 
Conclusion: These data implicate a critical role for PTEN in HPV in that hypoxia triggers the 
interaction of PTEN with TRPC6 in a ROCK dependent manner which is required for the 
subsequent translocation of TRPC6 to caveolae and the elicitation of Ca
2+
 entry into and hence, 





Ziele: Die hypoxische pulmonale Vasokonstriktion (HPV) ist ein physiologischer Mechanismus, 
bei dem der Blutfluss von schlecht zu besser belüfteten Lungenarealen umgeleitet wird, um 
somit ein möglichst optimales Belüftungs-Durchblutungsverhältnis (V/Q) sicher zu stellen.  
Dabei transloziert der Kationenkanal transient receptor potential canonical 6 (TRPC6) als 
Reaktion auf hypoxische Bedingungen zu Caveolen an der Plasmamembran, wo er einen Ca
2+
 
Einstrom vermittelt der nachfolgend die Kontraktion der pulmonal-arteriellen glatten 
Muskelzellen (PASMC) auslöst.  
Aufgrund bisheriger Ergebnisse, die eine Regulation von TRPC6 durch die Phosphatase 
phosphatase and tensin homolog (PTEN) in endothelialen Zellen nachwiesen, soll in der 
vorliegenden Studie die Rolle von PTEN in PASMC bei der HPV und speziell hinsichtlich der 
Rekrutierung von TRPC6 in Caveolen untersucht werden.  
 
Methoden und Ergebnisse: Versuche an isoliert-perfundierten Lungen (IPLs) von Mäusen, 
deren glatte Muskelzellen spezifisch für PTEN defizient waren, zeigten eine verringerte 
vasokonstriktorische Reaktion auf Hypoxie. Dieser Effekt konnte jedoch nicht nach Stimulation 
mit Angiotensin II (AngII) nachgewiesen werden. Analog dazu hemmte ein siRNA vermittelter 





]i). Ko-Immunopräzipitationen und Proximity Ligation Assays zeigten eine 
verstärkte Interaktion von PTEN mit TRPC6 in humanen PASMC und Mauslungen als Reaktion 
auf Hypoxie. In PASMC konnte sowohl für PTEN als auch für TRPC6 eine Translokation zu 
den Kaveolen unter hypoxischen Bedingungen nachgewiesen werden, welche wiederum durch 
die pharmakologische Inhibition der Rho-assoziiertem Protein Kinase ROCK blockiert wurde. 
Diese Inhibition verhindert die Interaktion von PTEN mit TRPC6, den Hypoxie-induzierten Ca
2+
 
Anstieg und die HPV sowohl in PASMC als auch in murinen Lungen. 
 
Fazit: Unsere Daten weisen auf ein PTEN vermitteltes Zusammenspiel zwischen ROCK und 
dem zytosolischen Ca
2+
 Signalweg bei der HPV hin. ROCK induziert dabei die Interaktion von 
PTEN mit TRPC6, die dann gemeinsam zu den Calveolen translozieren und dort den Ca
2+
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Contribution in detail: 
 
I, Adrienn Krauszman, made a literature research at the beginning of my doctoral studies and 
found that calcium entry to pulmonary artery smooth muscle cells (PASMC) triggers cell 
contraction in response to hypoxia. TRPC6 was found to be a critical cation channel in hypoxic 
pulmonary vasoconstriction (HPV) and it was previously researched in Dr. Kübler’s lab. Further 
literature check revealed that in endothelial cells phosphatase and tensin homolog (PTEN) and 
TRPC6 interact and PTEN serves as a scaffold for TRPC6 enabling cell surface expression of the 
latter. I also found that PTEN can be regulated by Rho-kinase (ROCK). Based on these findings 
I hypothesized that ROCK and PTEN play an important role in HPV by regulating the calcium 
influx to PASMC via TRPC6.  
 
I conducted all the work described in the research paper. I mastered the isolated perfused mouse 
lung model and utilized it for a series of experiments in cell-specific inducible knock out mice or 
C57 mice with pharmacological inhibitors. In this model, after intubation I inserted a cannula in 
the pulmonary artery of the mouse through the right ventricle, and another cannula to the left 
ventricle through the apex. Hanks balanced salt solution with 20% FBS was perfused through the 
lungs in a circulatory manner. Hypoxic pulmonary vasoconstriction was induced by ventilation 
with a gas mixture containing 1% O2. In addition to assessing my own research question, this 
model provided me with multiple opportunities to collaborate with other labs, which resulted in 




I ran all western blots and immunoprecipitation assays described in the research paper, as well as 
for additional studies following a standard protcol and analysed the data from these experiments. 
I further developed a proximity ligation assay kit (Duolink) in our lab to test for the interaction 
of PTEN and TRPC6. In this assay PASMC were treated in hypoxia or normoxia, then fixed 
with 4% paraformaldehyde. Then primary antibodies against two different proteins were added. 
The next step was the addition of two special secondary antibodies against the species of the 
primaries with special oligonucleotides at the end. If the probes are in proximity, then a 
subsequent enzymatic step can ligate the probes and a rolling cycle amplification yields a 
fluorescent signal in case of interaction and no signal if the proteins are not interacting. The kit 
was validated by checking with two primary antibodies against the same protein, resulting in 
strong signal. Duolink revealed interaction of TRPC6 and PTEN in response to hypoxia. This 
interaction was also confirmed by co-immunoprecipitation experiments where samples were 
incubated with a primary antibody, then with beads to capture the antibody. Results were 
obtained by running western blots of the immunoprecipitated samples.  
 
Intracellular calcium concentration in PASMC was measured with fura-2-acetoxymethyl (Fura-
2AM) fluorescent dye. Coverslips with cells were loaded with HBSS containing Fura-2AM. 
Coverslips were then mounted in a heated chamber and the samples were excited by λ = 340 and 
380 nm and 510 nm emission wavelength was collected.  
 
A Rho-kinase inhibitor, Y27632, was used in the isolated perfused mouse lung model, in calcium 
concentration measurements and in the interaction studies and this inhibited HPV, and the 
calcium concentration increase and the interaction of PTEN and TRPC6 in response to hypoxia 
was also blocked.  
 
A special subdomain of the plasma membrane, called caveolae, was separated by sucrose 
gradient centrifugation. In these experiments the sample is mixed with 80% sucrose 1:1, 
following by a 30% and a 5% sucrose layer. This was then ultracentrifugated and 10 equal 
fractions were carefully taken. PTEN and TRPC6 localization was then checked by western blot 
and I found that both proteins are present in the caveolar fractions after hypoxia treatment, but 
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